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Abstract 
BACKGROUND  
Acute appendicitis is one of the most common surgical emergency condition in pediatric age group that need 
admission to pediatric surgery unit for emergent operation of appendectomy . Any delayed in the diagnosis and 
operation lead to very serious outcome ,including perforation , abscess formation and appendiceal mass formation 
and other complications which may lead to high mortality and morbidity rate in case of absence timely performed 
operation of appendectomy .  
Ultrasound (USG)is one of the most helpful and informative tool in diagnosis of acute appendicitis in children.it 
is simple , fast , available and with less complications of ionizing radiation that may associated with other modality 
of radiological methods , like CT .  
Aims of the study  
Evaluate the role of USG examination in :-  
1-diagnosis of children with suspected appendicitis  
2-defining the sensitivity , specificity and the accuracy rate of acute appendicitis in pediatric age group.  
3-Decreasing the normal appendectomy in pediatric age group/.  
patients and method  
This prospective study has been achieved in the central child teaching hospital in Baghdad during the period from 
February 2015 to December 2015, that enrolled 110 patients that were admitted pediatric surgery Center in Central 
Child Hospital in Baghdad who were complained from right lower abdominal pain and acute appendicitis was 
highly suspected at time of examination .USG examination had been done to these patients. 
Result 
Clinical presentation and USG criteria of acute appendicitis had been found in 57 cases out of 110 patients , and 
those underwent appendectomy operation in the Central Child Teaching Hospital in Baghdad . 
Unvisualization of appendix or normal ultrasonography criteria had been found in 53 patients. 
6 patients out of the those of 53 patients with negative USG finding underwent appendectomy operation due to 
persistence of clinical finding, 3 of them were with normal appendix while the 3 others were with inflamed 
appendix according to histopathological examination. 
The other 47 patients from 53 cases who were complain from right lower abdominal pain, but with negative USG 
findings , kept for observation for 24 hours and then discharged home with follow up these cases by clinical 
examination and USG once weekly for 2 weeks. 
The overall result of a study is as follow :- 
Specificity = 100% 
Sensitivity = 95% 
Accuracy rate =97.27%  
Positive predictive value =100%  
negative predictive value = 50%  
conclusion  
ultrasonographic examination have effective role in diagnosis of acute appendicitis in pediatric age group.                                                                                                                             
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INTRODUCTION  
Acute appendicitis is the most common condition that necessitates acute abdominal surgery in children.[1].It is 
acute inflammation and infection of the vermiform appendix, which is most commonly referred to simply as the 
appendix. The appendix is a blind-ending structure arising from the cecum. Acute appendicitis is one of the most 
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common causes of abdominal pain and is the most frequent condition leading to emergent abdominal surgery in 
children. The appendix may be involved in other infectious, inflammatory, or chronic processes that can lead to 
appendectomy [2]. Due to atypical clinical presentation of acute appendicitis, the diagnosis is difficult and may be 
delayed. Perforation occurs in 23%–73% of children with acute appendicitis [3]. The majority of children with 
acute abdominal pain, however, have self-limited disease that does not necessitate surgery [4]. A negative 
appendectomy rate of 15%–25% has been reported.[3,5,6]. Despite considerable recent expansion of knowledge 
concerning appendicitis, accurate diagnosis remains suboptimal, especially in children.[7]. Initial misdiagnosis 
rates range from 28% to 57% for children 12 years old or younger, to nearly 100% for those 2 years or younger 
despite the multiple diagnostic modalities now available to clinicians[7,8] . Importantly, delay in diagnosis lead to 
increased morbidity and mortality and risk of malpractice litigation [9,10]. 
 
AIMS OF THE STUDY 
In the scope of this study we aimed to evaluate the role of ultrasound examination in:- 
1. The diagnosis of children with suspected appendicitis. 
2. Defining the sensitivity, specificity and the accuracy rate of acute appendicitis in pediatric age group.                                                                                                          
3. Decreasing the of normal appendectomy in pediatric age group 
 
PATIENTS AND METHODS 
It is a prospective study done in The Pediatric Surgery Center in collaboration with the department of Radiology 
in CCTH in Bagdad over a period of 10 months, from February 2015 to December 2015. All patients with 
suspected acute appendicitis underwent complete evaluation including proper history, clinical examination and 
laboratory investigations. All patients in the present study underwent USG examination by single pediatric 
radiologist. The ultrasound operator was GE.Voluson E6, Graded compression with small probe of 5-16 MHZ. A 
total number of 110 patients with age range from 3 years to 15 years old were included in the present study .Clinical 
diagnosis of acute appendicitis had been done based on symptom of pain on the right lower quadrant of abdomen, 
nausea ,vomiting and with other signs of peritoneal irritation including tenderness , rebound tenderness ,cough 
sign and others . The USG examination applied to all those patients with RLA pain and RIF tenderness who 
included in the present study . 
Inclusion Criteria:- All patients with age range from 3 years to 15 years old. All patients who presented 
with pain in the right lower abdomen, in whom acute appendicitis was suspected, were included in this study. 
Patients with a history suggestive of recurrent appendicitis were also included in the study. 
Exclusion Criteria:- Patients with abdominal pain referred or need admission to PCS in CCTH at evening or 
night due to un availability of ultrasound at this time . Decreasing the of normal appendectomy in pediatric age 
group. 
Patients with USG from outside of the CCTH when the USG doesn't match with our finding. 
Study protocol : Clinical diagnosis was done by consultant in PSC in CCTH , based on a pain in the right lower 
abdomen, nausea ,vomiting and fever. All patients underwent USG examination by single specialist pediatric 
radiologist. All the patients in present study were kept in the hospital for 24-48 hours with repeated clinical 
examination in order to prove the diagnosis of acute appendicitis or to exclude it. The patients were kept on nil by 
mouth, on intravenous fluid and broad spectrum of antibiotic. Depending on clinical finding and USG features, a 
final surgical management was planned. All the patients in this study had been sent for laboratory investigations. 
The patients in this study with positive USG findings of A.A. underwent surgical exploration. Those patients with 
negative finding of USG examination were kept in PSC for 24-48 with repeated clinical evalution . The patients 
in this study received intravenous fluid and broad spectrum antibiotics . The following accepted criteria were 
considered for the diagnosis of an inflamed appendix: 
1) Total diameter of cross section of appendix =5 millimeters or more. 
2)Visualization of non-compressible tube like structure of blind end. 
3) Presence of feacolith inside the lumen of appendix which appear as calcified lesion     . 
4) Presence of hypoechogenisty of the appendix. 
5) Presence of free fluid collection around the appendix or in the pelvis cavity. 
6) phlegmon sign which is an increase of echogenicity of omentum and periappendiceal fat.  
7) Wall thickness more than 2 millimeters.                                                                                          
8) Distension of the lumen of the appendix due increase appendicullar pressure, mostly due to obstruction                
9) Mecentric lymph nodes hypertrophy was associated in some patient. 
10) Loss of continuity of the wall the appendix , which is a sign of peroration. The inquiry form which is applied 
for all the patients in this study is showed below including clinical, laboratory, radiological and histopathological 
findings. 
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RESULT 
During 10 months i.e. the period of our study from February 2015 to December 2015, a total number of 110 
patients with right lower abdominal pain had been followed up and admitted to PSC in the CCTH in Baghdad. All 
of them send for USG examination after taking proper history and full examination according to inquiry formula 
.Table (1 a,b) analyses the clinical findings of the patients in the study. The patients who carried the radiological 
features of appendicitis (simple, complicated) were 57 patients and all of them were prepared for surgical 
exploration under general anesthesia. The remaining 53 patients were kept in the ward of pediatric surgery until 
the symptoms and signs of abdominal acuity had been resolved. All the remaining 53 patients improved , apart 
from 6 patients with nonvisualization of appendix on USG examination who continue to suffer from the same 
symptoms and signs of acute appendicitis and even the pain localized in the right lower abdominal area with 
deterioration of clinical picture which necessitates exploration under general anesthesia . Those patients are 
considered as negative result for the present study. The remaining 47 patients were kept in the PSC for 24 -48 
hours, treated conservatively and reevaluated clinically and by another USG examination, then transferred to 
pediatric ward or discharged home according to their condition. Follow up of these 47 patients had been done once 
weekly after discharged for 2 successive weeks by clinical and USG examination. None of those 47 patients need 
second admission due to A.A. Those patients with USG findings other than A.A. such as gynecological, urological 
or other pathology are treated according to their conditions either in CCTH or in refereed to other hospital. All of 
the patients in the present study who had been explored were divided in to 4 groups as shown in table ( 2 )and fig.3 
,each group of 3 years intervala preschool , early school , late primary school and post primary school age group . 
The number, gender, age and percentage of distribution as show in the table(3) and fig 4 
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the USG criteria's findings of the explored and improved with acute appendicitis show in table 4.  Phlegmon :- 
ultrasound finding of acute appendicitis which represent the increase of perappendiceal echogenicity occur due to 
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inflammation and perforation of the   appendex   
 
USG examination found that 5 of total patients have a diameter of appendix of less than 5 mm. The operative 
finding of the patients who explored under general anesthesia in the present study analyzed as shown in table  
 
We sent the appendix for those 57 patients( simple, complicated appendicitis) for HPE to prove the clinical and 
USG examination finding of acute appendicitis which support the diagnosis. Also we send those patients(6) with 
negative USG examination finding(non visualization of appendix) for HPE which prove 3 of them as acute 
In present study we found that 57 patients show positive radiological findings of acute appendicitis while 
USG show normal appendix in 53 patients. Fig. 4 and 5  
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DISCUSSION       
In this study we observed that the males were more commonly affected than females, with a male: female ratio of 
1.2:1. These results were compared to the study done by Lewis et al[49]who observed that less than 10% of patients 
were affected in the age group of 1-10 years with male: female ratio of 2:1. Our study showed that highest number 
of acute appendicitis occurred in the age group of 6-9 years followed by age group of 9-12 years which is consistent 
with the findings shown by Addis et al[50] that it is most common in 10 to 19 year old age group. This difference 
in age group in presentation is not so significant according to the statistical analysis of data in the present study (p 
value =0.609). All patients in this study were complained from right lower abdominal pain followed by nausea 
and vomiting. Tenderness was present in almost all patients associated with vomiting which was in about 88% , 
rebound tenderness , cough sign and guarding signs although less frequent . In Tauro LF et al[51]tenderness in the 
RIF was the most common sign elicited in all patients (100%), while irrespective of the pathology , vomiting was 
found to be present in 91% of the patients which was the same result of the current study. In this study USG could 
visualize 57 appendices out of 110 patients who had clinical presentation of a condition mimic acute appendicitis, 
from which true positive patients of appendicitis were found after surgery and HPE. George et al[43] could 
diagnose 70 out of 140 patients as acute appendicitis 
In this study we observed that the males were more commonly affected than females, with a male: female 
ratio of 1.2:1. These results were compared to the study done by Lewis et al[49]who observed that less than 10% 
of patients were affected in the age group of 1-10 years with male: female ratio of 2:1. Our study showed that 
highest number of acute appendicitis occurred in the age group of 6-9 years followed by age group of 9-12 years 
which is consistent with the findings shown by Addis et al[50] that it is most common in 10 to 19 year old age 
group. This difference in age group in presentation is not so significant according to the statistical analysis of data 
in the present study (p value =0.609). All patients in this study were complained from right lower abdominal pain 
followed by nausea and vomiting. Tenderness was present in almost all patients associated with vomiting which 
was in about 88% , rebound tenderness , cough sign and guarding signs although less frequent . In Tauro LF et 
al[51]tenderness in the RIF was the most common sign elicited in all patients (100%), while irrespective of the 
pathology , vomiting was found to be present in 91% of the patients which was the same result of the current study. 
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In this study USG could visualize 57 appendices out of 110 patients who had clinical presentation of a condition 
mimic acute appendicitis, from which true positive patients of appendicitis were found after surgery and HPE. 
George et al[43] could diagnose 70 out of 140 patients as acute appendicitis by USG. From these 2 different studies 
in different locations, we may said nearly 50% of all patients complaining from right lower quadrant pain have 
acute appendicitis. In present study we identified 5 normal appendices accounting for 4.4 % of the total number of 
patients. The normal appendix was compressible, less than 5mm in diameter and appeared ovoid in cross-section. 
In this case we confidently excluded the diagnosis of acute appendicitis. This finding was similar to that of Thomas 
Rettenbacher et al [53]. The outer diameter of the appendix was greater than 5 mm or more in all the 57(100%) 
patients. It is similar to the criteria laid down by Thomas Rettenbacher et al[53]and by Jeffrey et al[54]. However 
recent reports with high frequency transducers are used to show normal appendix in a small percentage of patients 
(5 out of 250 patients) as reported by Jeffrey et al[54]. Similar findings were shown by Rioux et al[55]. More 
recently Lee et al[56] reported that with the use of additional operator dependent techniques, detection rates of 
normal and abnormal appendices have greatly increased. We identified inflamed appendix in 50 patients (87.71%) 
of the total number of patients where we , they were non-compressible and spherical in shape in all the patients. It 
is in accordance with Grebeldinger[57] who had concluded that the most relevant criteria for USG evaluation was 
non-compressibility (97.67%). The overall accuracy of sonography in the diagnosis of acute appendicitis in this 
study was 97.27 %. The sensitivity, specificity, positive predictive value and negative predictive value of 
ultrasound scanning with reference to HPE confirmation was 95%, 100%, 100% and 50% respectively which 
showed that USG has a high specificity and sensitivity in diagnosing appendicitis. The overall specificity and 
sensitivity rates were comparable to the studies and results of Skanne et al[58], Hahn et al[59] , Tarjan Z et al[60] 
and Puylaert et al[61]whose specificity values varied from 90- 100% and sensitivity ranges varied from 70-95%. 
The table below (8) summarizes the results of the present study compared with the results of similar studies done 
in different parts of the world. Our results are comparable to Joshi et al.[62]. who reported diagnostic accuracy of 
95 %, sensitivity of 96 %, specificity 93 % , positive predictive value of 93 % and negative predictive value of 88 
%. This study results are also similar to study done by Tauro LF et al[51] who showed sensitivity of 91.37 %, 
specificity of 88.09 %, positive predictive value of 91.37%, negative predictive value of 88.09 % and diagnostic 
accuracy of 90 %. Factors Influencing False Negative Diagnosis of Acute Appendicitis:- It is reported by Yacoe 
and Jeffrey[67] that one of the factors responsible for false negative diagnosis in acute appendicitis is retrocaecal 
position of the appendix and when caecum is filled with gas and feces where adequate compression is not possible. 
In our study out of 3 false-negative patients, 1 was retrocecal in position and proper evaluation by adequate 
compression was not possible due to gas distended cecum. In 2 patients appendicitis wasmissed, as the patients 
were obese. We missed it to obesity 
 
CONCLUSION  
USG is very effective diagnostic tool for acute appendicitis in children .Ultrasound have high specificity (100%) 
,high sensitivity (95%) and high accuracy (97.27%) rate in diagnosis of acute appendicitis in children. Informative 
USG have a major diagnostic rule in decreasing the rate of normal appendectomy in children. High suspicious of 
A.A. should be considered when it associated with secondary signs by USG examination. Obesity and retrocecal 
appendicitis should be put in mind whenUSG show no findings of A.A.. 
 
RECOMMENDATION  
Availability of ultrasound examination with radiologist at afternoon and evening time Any child with clinical 
features of acute abdominal pain associated with two USG signs, that the diameter of appendix=5-6mm or more 
with loss of its compressibility is diagnosed as acute appendicitis and need appendectomy as soon as possible. 
Ultrasound is simple and very effective method in diagnosis acute appendicitis and exclude other abdominal 
pathology ,especially when done by pediatric radiologist . Abdominal and pelvic USG is an excellent screening 
tool for acute appendicitis. This examination is quick , painless ,does not involve the use of ionizing radiation. 
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